INTRODUCTION AND BACKGROUND
Since the mid 19th century, many methods of reducing the pain and suffering of women's confinements have evolved, and all have been shown to have inherent risks for mother and baby. 1 In part, these risks may be amplified by the wide variation in practice patterns in choosing the appropriate method and timing of anesthetic intervention, surgical intervention, and limitations of medical science. Before the routine use of regional anesthesia for cesarean sections, the major risk for death and morbidity associated directly with cesarean delivery was due to the use of general anesthesia. With the declining use of general anesthesia, such related mortality has also fallen. 2, 3 Thus, the use of regional anesthesia for cesarean sections has been a great advancement in maternity care.
Most hospitals in the US and Canada today make epidural analgesia available for use in laboring women although optimal medical parameters regarding patient population remain unclear, leading to subjective decisions regarding this intervention. 4 Multiple studies with conflicting results have been carried out to evaluate the use of epidural analgesia in labor. An extensive body of evidence suggests that epidurals are likely to slow the first and second stages of
CONTEXT:
Epidural placement for labor in the general population of laboring women is associated with increased incidence of operative deliveries, prolongation of labor, and may be associated with an increased cesarean section rate. The risks and benefits associated with epidural placement for labor in the subpopulation of mothers at high risk for cesarean section have not been studied.
OBJECTIVE:
To determine if a population of mothers and babies at high risk for cesarean section will have improved outcomes with labor epidural placement.
DESIGN:
A decision and cost analysis examining epidural placement for labor on a population of women who are at high risk for unscheduled cesarean section and may benefit from scheduled cesarean section as determined by threshold analysis was performed. Outcomes and probabilities were determined through analysis of the Department of Defense's 1996 National Quality Management Program ( NQMP ) Birth Product Line data set containing more than 7000 deliveries. Outcomes were defined using variables comprised of all documented conditions that occurred during the peripartum and neonatal hospitalizations. The 1997 NQMP data set was used to validate the results.
SETTING:
Military Treatment Facilities throughout the United States and abroad and civilian facilities in the United States providing care to military dependents.
PATIENT POPULATION:
Active duty and dependent pregnant women and babies.
RESULTS:
About 8% of mothers in this patient population were found to be at high risk for cesarean section. The decision and cost analyses showed that babies of the high risk mothers who received epidurals for labor had better clinical outcomes ( p < 0.05 ) and the procedure was cost neutral ( p = 0.23 ). The procedure did not increase the frequency of cesarean section, and there was no effect on maternal outcomes scores. These results were confirmed by the validation study.
CONCLUSIONS:
There is a sizable subpopulation of women at high risk for cesarean section whose babies may have better outcomes with epidural placement with no sacrifice in maternal outcomes or costs. Journal of Perinatology 2001; 21:178 ± 185.
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labor and increase the likelihood of an operative vaginal delivery, and some researchers have found an increase in the likelihood of cesarean section in the general population of nulliparous women. 5 ± 9 There are, however, other studies that challenge these findings. 10 ± 17 Epidurals may also have more specific physiologic effects such as decreased uterine blood flow and contractility, slowing of the baseline fetal heart rate, induction of maternal fever, and increased incidence of dystocia, although these results may have more to do with the total medical management of the mother than with the use of an epidural. 5,18 ± 25 This inconsistency may be due to the inclusion of too broad a patient population to effectively evaluate the intervention in defined high-risk populations where benefit is maximized.
In recent years efforts have been made to reduce unnecessary cesarean sections. One alternative in improving outcomes for mothers and babies is to increase the total number of elective cesarean sections in selected patients, thus reducing the number of emergent cesarean sections and their resultant morbidity. 26 Although this notion may be logical, it contradicts the current doctrine of allowing trials of labor, even in many women at high risk for cesarean section. Although the most important and immediate reason to place a labor epidural is to treat pain, there may also be a secondary benefit in ensuring a smooth transition to cesarean section should a trial of labor fail. The transition from labor epidural to surgical epidural analgesia is generally an easy one once the epidural is in place. This begs the question of whether there is a population of women and babies at high risk for unscheduled cesarean section who may have improved outcomes with the placement of epidurals for labor despite the inherent risks of epidural anesthesia.
An important prerequisite for such an analysis is the reliable and valid identification of the population of women who are at high risk for cesarean section. Several authors have attempted to devise scoring systems or identify markers for women who are at high risk for cesarean section but these have generally provided poor positive predictive value. 27 ± 29 Recently a more successful model has been generated from the U.S. Department of Defense's National Quality Management Program (NQMP), which provides the Military Health Services System with peer review and quality management for selected conditions and interventions. 26 In 1996, the NQMP gathered data on 7704 deliveries; these data included administrative and abstracted information about the prenatal care and hospital courses of mothers and babies.
Our study is an extension of that analysis. To assess the possible benefit that epidurals may provide for mothers at high risk for cesarean section, three major tasks were completed. First, we identified the population of mothers who were at high risk for unscheduled cesarean section through threshold analysis. 30 Outcomes scores were then assigned to mothers and babies, using a modified delphi process. 31 A decision and cost analysis was then performed by decision tree methodology to determine whether this high-risk subpopulation of patients has improved outcomes with the placement of an epidural for analgesia during labor. 32, 33 Finally, the results of the analysis were validated using the 1997 NQMP sample.
METHODS

Patient Population
The probabilities used to construct the decision tree were derived from the 1996 NQMP data. This patient population includes military personnel and dependents who received peripartum and neonatal care in military treatment facilities or civilian treatment facilities with military insurance. More than 70% of the patients in this study received care at military treatment facilities. The sampling strategy for the NQMP included drawing a random sampling of the hospital's patients that was proportional to the number of annual deliveries at each hospital.
For this study, we examined only those women who were likely to benefit from unscheduled cesarean section as defined by a threshold analysis ( Figure 1 ). As the predicted probability of performance of unscheduled cesarean section increases outcomes improve with performance of the procedure. The probability of unscheduled cesarean section was determined by summing the regression coefficients of twelve preadmission and nine postadmission characteristics derived from both administrative and clinical data ( Table 1) . Regression analysis was then performed for those patients who ultimately had a cesarean section and for those who did not. The intersection of the two regression lines is the threshold probability; this threshold probability of unscheduled cesarean section in our population is 0.75. That is, if the likelihood of performing an unscheduled cesarean section is 75% or more, the patient is likely to have an improved outcome with performance of a cesarean section. The total population in the threshold analysis included 7704 mother±baby pairs sampled from military and participating civilian institutions. Of these, 594 had greater than a 75% chance of having an unscheduled cesarean section, based on regression analysis, if a Figure 1 . Threshold analysis. Schematic representation of threshold analysis illustrating the probability at which outcomes are not affected by performance of a cesarean section. At all probabilities greater than the threshold value (0.75 ) performance of the cesarean section is likely to be associated with better outcomes than not performing the procedure. The study population is comprised of patients who have a 75% or greater chance of having an unscheduled cesarean section and would thus benefit from the procedure.
trial of labor was attempted. Sixty-two of these women had scheduled cesarean sections, thus they did not labor and were not included in the decision tree for this analysis.
Of the 532 women who did labor, 10 were excluded because of contraindications to continuing labor (including placenta previa diagnosed by ultrasound (3) and complicated multiple gestations (3)) or an inability to calculate outcome scores (intrauterine fetal demise (4)). Four more cases were excluded because it was unclear whether the epidurals were placed for labor or cesarean section because the two procedures took place within an hour of each other. The final decision tree for the analysis of epidurals for labor in women at or above the threshold risk for cesarean section included 518 mother±baby pairs. The probabilities for the model were based on the experience of these 518 pairs.
Utilities
Outcomes were defined using maternal and neonatal data dictionaries comprised of all conditions that occurred during the peripartum and neonatal hospitalizations. These outcomes data elements were scored by panels of neonatal and obstetrical specialists on a scale of zero to 12 using a modified delphi process. 31 A score of zero implies that the condition has no effect on outcome, and a score of 12 implies that the outcome is the worst possible (for example, death is given a score of 12). Intermediate diagnoses are scored hierarchically; for example, a symptomatic pneumothorax in a baby received a score of 4 and grade four intraventricular hemorrhages received a score of 8. In mothers, a fourth degree laceration received a score of 3, eclampsia received a score of 6, and pulmonary embolism received a score of 8. Because the military and civilian institutions that were included in the study ranged from community hospitals to large tertiary care medical centers, the diagnoses encountered also ranged in severity from conditions of well mothers and babies to those that apply to only the most complicated patients. Scores for individual conditions were aggregated into clusters that generally appeared together to insure that redundant scoring and``double jeopardy'' did not occur. From these, total outcomes scores were tabulated. Utilities were comprised of the means of these outcomes scores.
Costs
Costs were also determined for mothers, babies, and mother±baby pairs. Because the Military Health Services System does not explicitly conduct patient level cost accounting, a modification of the resource-based relative value system was used to generate a proxy for actual costs by assigning relative cost units (RCUs) to procedures and hospital length of stay. 34 In 1995 each RCU translated into approximately $33.50. A log transformation of the RCUs was used as the basic unit of cost for this analysis.
The Model
Using standard decision tree technique and DECTREE software 35 a decision analysis was conducted to assess the utility and relative cost of epidural placement for labor in women at high risk for unscheduled cesarean section. Standard decision tree methodology includes listing all of the possible outcomes of the decision to be analyzed, systematically building a decision tree leading to these outcomes, and assigning probabilities of occurrences on each branch. In addition, each outcome must be assigned numerical values to calculate the utility of the decision being analyzed. The value of the outcome is then multiplied by its probability, and these values are summed at each chance node. The process is repeated, folding back, until the decision node is reached. The decision tree compared the outcomes of women and fetuses at or above the threshold risk for cesarean section at the decision node of epidural placement for labor ( Figure 2 ). Three decision trees were constructed, assessing utilities for mothers, babies, and mother±baby pairs with identical branches and similar probabilities. Probabilities were not always identical because of the occurrence of multiple gestations. In constructing the decision tree, all possible paths were included. If a trial of labor was attempted, the path could lead to a vaginal birth or an unscheduled cesarean delivery. In both of these instances, a labor epidural could be considered. A woman could have either regional or general anesthesia if an unscheduled cesarean section became necessary. Regional anesthesia could include the use of existing epidural anesthesia or initiation of spinal or epidural anesthesia. Regional anesthesia was considered the procedure of choice whenever there was sufficient time to perform the procedure and contraindications to its performance were absent. Because there is a chance that the urgency of the cesarean section will require general anesthesia we consider that decision as a chance node.
Assumptions
The costs and utilities in the model are viewed from a societal perspective. The assumptions for this model concern mostly technique and patient management. The first assumption is that the technique for administering epidurals is relatively constant, including the timing of epidural placement during labor. This assumption may be the most difficult to justify, but we found that the majority of epidurals in the population studied were performed by anesthesiologists or nurse anesthetists, thus controlling the marked variation seen when the procedure is performed by multiple specialties. We also assume that monitoring of mothers and babies was uniform. This second assumption is less problematic because there are accepted American College of Obstetrics and Gynecology recommendations about timing of epidural placement and monitoring of patients. 36 
Analysis
The data were analyzed in five stages: (1) demographic analysis to assess the potential generalizability of our findings, (2) search for confounding variables by regression and correlation analysis, (3) cost utility decision analysis, (4) statistical testing of the differences in decision tree results, and (5) a validation of the results using the 1997 data set.
Demographic analyses were performed to compare the NQMP population with that of the general U.S. population as reflected in the National Natality Survey of 1995 (NNS). 37 Data presented as percentages of all births in the NNS and in the NQMP. Chi-square analysis was done to compare the NQMP high-and low-risk populations previously determined by threshold analysis.
Exploration of potential confounding variables, including mothers' medical diagnoses and demographic factors, was conducted using linear and logistic regression with STATA 38 software. Linear regression was used for the continuous dependent variable of mean outcomes scores. Logistic regression was used to examine the discrete dependent variable of exposure to epidural placement for labor.
Decision analysis was conducted conventionally, with folding back at each chance node until the decision node was reached (Figure 2) . The probabilities used in the decision trees were computed from the data, and thus represented the true probabilities of the events occurring in this population. The resultant costs and utilities at each tree's decision node were then compared using a two-tailed t-test, with the criterion for rejection of Type I error set at an alpha of 0.05, to determine if the differences of these values were statistically significant. An estimate of clinical significance can be made by the magnitude of the difference in the utilities at the decision node.
Validation
The results were prospectively validated using a 1997 NQMP data set. The same threshold probability of 0.75 was used to identify mothers at high risk for cesarean section, and decision and statistical analyses were conducted in the same manner as was done for the 1996 data. The 1997 sample population consisted of 432 mother±baby pairs.
RESULTS
Demographics
In general, the military population was less likely to be in an extreme age group and more likely to be married than the general US population (see Table 2 ). This was not surprising, as many choose military careers immediately out of high school and may change careers within a few years or retire at an early age. The NQMP data also indicate a lower cesarean section rate for military dependents; consistent with a generally low-risk population of mothers. The number of women who receive no prenatal care was very low in the NQMP data because prenatal care is available to all and may be considered mandatory for active duty personnel. The military population was comprised of patients with a wide range of educational levels from high school to postgraduate level, but the overall educational level was slightly higher than in the general population because active duty military service usually requires at least a high-school equivalent education.
Within the NQMP population there were differences between the high-and low-risk categories. Patients who were at high risk for cesarean section were more likely to have had a previous cesarean section and were less likely to have had a successful vaginal birth after cesarean section (VBAC). High-risk patients were also more likely to smoke cigarettes, but prevalence of alcohol consumption during pregnancy was not significantly different between the highand low-risk groups.
Search for Confounding Variables
Using regression and correlation analysis, 18 variables (multiple gestations, maternal age <18, maternal age >35, history of abnormal pelvis, history of abnormal amniotic fluid levels, history of chorioamnionitis, history of low birthweight delivery, history of cesarean section, chorioamnionitis during this labor, premature rupture of membranes, prolonged rupture of membranes, history of cesarean section, history of vaginal delivery, history of smoking, gestational diabetes, history of prior large for gestational age baby, history of malpresentation, and post dates) were examined for possible confounding effects. One variable, chorioamnionitis, was found to correlate with both exposure and outcome for mothers and their babies. There was a positive association between epidurals and chorioamnionitis and an unfavorable association between chorioamnionitis and outcome.
Decision Analysis
To determine the clinical utility of epidural placement for labor in mothers at high risk for cesarean section, the differences in the two utilities of the alternatives at the decision node were compared. These differences were 0.02, 0.59, and 0.58 for mothers, babies, and mother±baby pairs, respectively. The baby and mother±baby pair categories have differences that may be considered clinically significant in favor of epidural placement (Table 3) . It is useful to consider the magnitude of clinical outcomes that would be required to affect a difference of 0.5 in outcomes scores for this population, a difference that we consider clinically significant. To change the outcomes of the 304 mother±baby pairs in the``+epidural'' arm by 0.5 would require a change of raw outcomes scores by 6 in 25 patients, 5 in 31 patients, or 4 in 39 patients. Such scores are associated with clinical diagnoses as severe as sepsis or pneumothorax. To determine the statistical significance of the differences in outcome scores, the differences in utilities were examined using t-tests. In this regard, the difference in baby utilities was again significantly in favor of epidural placement. However, there are no statistically significant differences in outcomes scores of mothers (Table 3) .
Chi-square analysis of odds ratios for cesarean section in light of epidural placement indicated that in the high-risk population there was no increase in the likelihood of having a cesarean section when epidurals were placed. In the total population of 7704 mother±baby pairs, the odds ratio for likelihood of cesarean section considering the exposure of epidural placement for labor is 1.45 (95% CI:1.26, 1.67) indicating that in the general population of mothers giving birth in the 1996 NQMP data set, epidural placement for labor was associated with a slightly increased risk of unscheduled cesarean section. In the subpopulation at high risk for cesarean section, however, the odds ratio for unscheduled cesarean section with epidural placement was not significant (0.61 (CI:0.25, 1.44)). 
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Cost Analysis
The placement of labor epidurals in mothers at high risk for cesarean section can be considered cost-neutral. No statistically significant difference in relative cost units were found for mothers, babies, or mother±baby pairs with epidural placement (Table 3) .
Validation
The association found in the 1996 NQMP data of better baby outcomes with epidural placement for labor in high-risk mothers was prospectively tested using the 1997 data set. The decision trees constructed for mothers' and babies' outcomes had similar probabilities, and the results of the analysis showed a consistent advantage clinically and statistically with a utility difference of 0.86 for babies in favor of epidural placement (p=0.007, CI À1.48, À0.24). Again, there was no clinically or statistically significant difference in outcomes for mothers with regard to epidural placement for labor, and no association with an increased cesarean section rate was seen in the high-risk patients who had received epidurals for labor.
DISCUSSION
There has been great controversy concerning epidural placement for labor in the general population of women giving birth. The clinician's use of the procedure has often depended more on the socioeconomic status of the mother, availability of providers who can perform the procedure, and patient desires rather than on whether the procedure would improve patients' outcomes. 4 In addition, this method of analgesia is often employed under the assumption that, although it does provide pain relief for the mother, that benefit comes at the cost of an adverse effect on the progression of labor. Our analysis, however, has determined that for a subpopulation of pregnant women who can be identified when they present in labor, there is no penalty for the use of this mode of analgesia.
Our study is the first to address the use of epidurals for labor in women at high risk for cesarean section, which assesses the outcomes of mothers and babies by using complete data from their hospitalizations. In this population we concluded that maternal outcomes were not adversely affected by the use of epidurals and babies had improved outcomes with the performance of the procedure. Possible explanations for these results include consideration that very few women required general anesthesia for their unscheduled cesarean section ( +epidural n=18, Àepidural n=13). Whether or not an epidural was placed for labor, regional anesthesia was employed approximately 94% of the time for patients requiring cesarean section in this population. If an epidural was already in place when the decision for cesarean section was made, babies might have been delivered faster. This is a topic for further study.
Our analysis also indicates that the provision of epidural anesthesia in this high-risk population is cost neutral. Because most of these mothers will ultimately require a cesarean section but very few will require general anesthesia, most of the mothers in our study will ultimately receive either spinal or epidural anesthesia for delivery. Previous studies, which show an increased incidence of operative deliveries and cesarean sections leading to an increase in cost associated with epidural use, did not address our high risk population. 39 We found that the placement of an epidural did not increase the cesarean section rate over what would be expected without epidurals. Although the cost of maintaining an epidural during labor may be slightly increased over simply using it during delivery, this difference was not statistically significant in our study. The cost difference in the care of the babies when epidurals were used was also not significant (Table 3) .
Limitations
The data source utilized for this study, the NQMP Birth Product Line, could be subject to two limitations, inaccuracies in coding and a biased population. The data collection process for the NQMP is designed to minimize the former. In an earlier study it was demonstrated that these data were both accurate and reliable. 40 Chart abstractors who populate the database were well trained and checks of quality are routinely applied to the system to minimize misclassification and entry errors. The confirmation of our findings by means of the prospective validation of our results confirms the reliability of the data.
The generalizability of results from the military population is somewhat more problematic. The military population has long been a resource for epidemiologic studies, and recent analyses of inpatient and outpatient care in the Military Health Services System as compared with that in the civilian sector have demonstrated far more similarities than differences. 41 ± 44 Some potentially important differences between our population and the general population, however, were demonstrated in terms of age distribution, marital status, and access to care. This is true because service members and their families are a selected, generally compliant, and young population with good access to care. Military households all have some source of income and at least one member with a high school or equivalent education. The population we have examined, however, was selected specifically for a clinically dominant characteristic, their risk for cesarean section. Although demographic factors may alter the risk of emergency cesarean section in either direction, the results of the analysis can still be applied to a wider population if this clinical risk is present.
Another limitation to this retrospective analysis is that it was not a randomized controlled trial. Randomization of women in a prospective, controlled clinical trial might be difficult because most women have strong feelings, positive or negative, about epidurals. Indeed, most studies examining questions about labor epidurals, to date, did not employ randomization. Our retrospective analysis also gives us the advantage of conducting a threshold analysis to determine those at high risk for cesarean section.
CONCLUSION
Epidural placement for labor is a controversial topic in the obstetric and pediatric communities. This method for treating mothers' pain during labor is associated with slowing labor and leads to more operative deliveries and possibly to more unscheduled cesarean sections. Although these findings may apply to the general population of women in labor, in our population of women at or above the threshold risk for cesarean section, approximately 8% of all women presenting in labor, epidurals were associated with improved outcomes in babies, no increase in cost, and no increase in unscheduled cesarean sections. Our findings warrant further research into the physiologic effects of epidurals on laboring women and fetuses. In addition, a better understanding of the timing of epidural placement and transition to unscheduled cesarean section might enable clinicians to make this medical decision with greater certainty in the future.
